Purpose: This study aimed to investigate the prevalence of depressive symptoms and the association between multimorbidity and depressive symptoms among the elderly in eastern China. Patients and methods: A multicenter cross-sectional study was conducted in four cities (Jianggan, Yiwu and Anji in Zhejiang Province and Taixing in Jiangsu Province) in eastern China. We collected the information on 27 chronic conditions through the self-reported medical history and used the Geriatric Depression Scale (GDS) short form to evaluate depressive symptoms. Multivariate Logistic regression was used to evaluate the relationship between multimorbidity and depressive symptoms. Results: Five thousand two hundred and ninety-six participants were included into the current study, among which 2687 (50.74%) were female, with the mean ± SD age 72.0 ± 8.1 years old. The overall prevalence of depressive symptoms in eastern China was 23.5%. And the percentage of multimorbidity in depressed participants was higher compared with non-depressed participants (50.8% vs 38.8%, P<0.001). The univariate model and adjusted model suggested that participants with multiple chronic diseases were more likely to have a depressive symptom (adjusted OR=1.42; 95% CIs 1.19-1.70). Conclusion: Depressive symptom was significantly associated with multimorbidity among the community-dwelling elderly population in eastern China.
Introduction
Depression is one of the most common mental diseases found in the elderly population and is also one of the leading diseases contributing to global disease burden. 1, 2 It has been predicted that depression will become the second leading cause of disability by 2020. 3 Previous researches have documented the relationship between depression and specific chronic diseases including diabetes, asthma and coronary heart disease. [4] [5] [6] [7] [8] However, only a few research have investigated the relationship between depressive symptoms and the presence of two or more chronic diseases, defined as multimorbidity. 9 Multimorbidity is becoming more and more common in medical practice and its prevalence is rapidly increasing, 10 largely due to the global aging population trend. 11 Eckerblad et al found that the elderly with multimorbidity had a persistent high symptom burden (dry mouth, lack of energy, difficult sleep, etc.). 12 Consequently, it is of great significance to explore the relationship between multimorbidity and depressive symptoms.
Although there are already some researches on depression and multimorbidity, the types of chronic diseases included in their studies are relatively limited, which have an evidently negative impact on the judgment of the association between depressive symptom and multimorbidity. In the current study, we included 27 types of common chronic diseases. Our aim was to explore the association between depressive symptoms and multimorbidity in a more comprehensive view.
Materials and Methods

Study Design and Participants
A multicenter cross-sectional study was conducted in four cities (Jianggan, Yiwu and Anji in Zhejiang Province and Taixing in Jiangsu Province) in eastern China. This study was approved by the Ethics committee at Zhejiang University school of medicine. Written informed consent was obtained from all participants before the face-to-face interview. People aged 60 years old and above and living in local communities for more than 5 years were included in the current study. Elderly people who were bed-ridden had serious physiological or psychological illness, and/or had hearing disorders were excluded. A total of 5619 participants finished the face-to-face interview and 323 participants with incomplete information in GDS-S (missing one or several items in GDS-S) were excluded.
Data Collection
We adopted a face-to-face interview technique to collect each participant's information through a general questionnaire. The interview was conducted at the local community health service center. And proxy-based interviews or complete the questionnaire by participants themselves were not allowed in the current study.
Chronic Diseases and Multimorbidity
Chronic disease was measured according to the participants' response to the question: "Do you suffer or were you told by a doctor that you suffer from the following problems in the past year?" (27 common chronic diseases were included: coronary heart disease, hypertension, orthostatic hypotension, diabetes, thyroid disease, osteoporosis, Parkinson, epilepsy, hemiplegia, cerebellar disease, peripheral neuropathy, stroke, asthma, COPD, chronic bronchitis, cervical spondylosis, lumbar spondylosis, arthritis, cancer, hepatitis, Cirrhosis, anemia, gastrointestinal band disease, glaucoma, cataract, prostate disease, foot disease.) The prevalence of self-reported chronic disease was coded as 0 (no) or 1 (yes) based on participants' response and the number of chronic diseases for each participant was counted. Multimorbidity was defined as having two or more chronic disease participants were classified into three groups (none, single, multiple).
Depressive Symptom
Geriatric Depression Scale-short form (GDS-S) was adopted to assess depressive symptoms. The GDS-S has 15 items which were coded as 0 (no) or 1 (yes) and its total score is 15 points. Lai, D. and his colleagues have presented evidence of the applicability of the GDS-S to elderly Chinese living in China and it appears to be an effective screening instrument for depression symptoms in the Chinese geriatric population. 13 In this study, participants with a total GDS-S score of 8 or higher were considered to have depressive symptoms. 14 
Socio-Demographic and Lifestyle
Participants' demographic characteristics including area, city, age, gender, marital status, education level were collected. The area of the local community where participants lived was coded into urban or rural according to the national statistical zoning and urban-rural division code. (http://www. stats.gov.cn/tjsj/tjbz/tjyqhdmhcxhfdm/2018/index.html). In addition, the information about physical exercises and social health were also collected in our study. Physical exercises are defined as the frequency of physical exercise per week. Social health is an important dimension of health, alongside physical and mental health, which contains individual and social aspects, usually explained as "well-being", "adjustment" or other terms rather than "health" 15, 16 and is evaluated by the Social Health Scale for the Elderly (SHSE) which has been established and validated in Hangzhou elderly population with acceptable reliabilities and validities. 17 
Statistical Analysis
All descriptive statistics are presented as frequencies and percentages for categorical variables, and as means and standard deviations for continuous variables. Differences between depressed and non-depressed participants were tested using a t-test or non-parametric Wilcoxon test for continuous variables and χ 2 tests or fisher-tests for categorical variables the association between multimorbidity and depressive symptom were compared using univariate and multivariable logistic regression analysis. The multivariable model was adjusted for sociodemographic and lifestyle characteristics including area, cities, age, gender, marital status, education level, physical exercise, and social health.
Analyses were conducted for overall participants and were stratified by area, age, gender. Statistical analysis was performed using R software 3.5.2. Statistical significance was accepted for p values < 0.05 (two-sided).
Results
General Characteristics of Participants
The characteristics of the study sample are presented in Table 1 . Of 5296 participants, 23.5% were classified as having a depressive symptom. Participants with depressive symptoms were more likely to live in an urban area, to be older, to be male, to have fewer physical activities and lower social health scores than those without depressive symptoms. The difference in married status (P=0.491) and educational level (P=0.148) between the people with depressive symptoms and without depressive symptoms was not significant. In addition, the distribution of participants with the number of chronic diseases (none, single, two or more) according to sex and age was shown in Figure 1 . The prevalence of multimorbidity was higher than it in males (43.02% vs 40.05%, P=0.046), and the older population had Note: a P-value was measured using Chi-square tests for categorical variables and T-test for continuous variables.
a higher prevalence (44.53% in "75 and above" age group vs 39.78% in "60-74" age group, P<0.001).
Clinical Characteristics of Selected Participants
We have supplemented clinic characteristics of selected participants and the adjusted ORs of the relationships between specific diseases and depressive symptoms in Supplementary Table 1 . We found that coronary heart disease, stroke, COPD, chronic bronchitis, cervical spondylosis, hepatitis, glaucoma, cataract, and foot disease contributed significantly to an increased risk of depression at the single disease level.
Multimorbidity Difference Between Depressed and Non-depressed People
The percentage of multimorbidity in participants with depressive symptoms was higher compared with those without depressive symptoms (50.7% vs 38.8%). Both the univariate model and adjusted model suggested that participants with multiple chronic diseases were more likely to have a depressive symptom (adjusted OR=1.42; 95% CIs 1.19-1.70). More details are listed in Table 2 .
Subgroups Analysis
Subgroups analyses were conducted according to the area, age, and gender. The association between multimorbidity and depressive symptom was significant for participants living in rural area (adjusted OR=1.39; 95% CI 1.14, Figure 2 .
Discussion
Based on a large group of elders in eastern China, we found a significant relationship between multimorbidity and depressive symptoms. People with multiple chronic diseases had 42% higher odds of having depressive symptoms as compared with those without a history of chronic disease after adjusting for the area, cities, age, gender, married status, educational level, physical exercise, and social health. Only a few studies reported the relationship between multimorbidity and depressive symptom and most of the studies have reported the relationship as a secondary focus and not classified the number Figure 1 The distribution of the number of comorbidities according to sex (A) and age (B). of chronic diseases into the same groups. 2 Yunming et al found that the elderly with three chronic diseases or above were more likely to have a depressive symptom (adjusted OR:2.03 (1.21,3.42)) which was higher than our data (adjusted OR:1.42 (1.19,1.70)). 18 Tsai and colleagues found that the number of co-morbidities was associated with depression symptoms (adjusted OR:1.34 (1.28,1.40)). 19 Although the comparison with other studies is limited due to the grouping, study setting, and population, they all confirmed that multimorbidity was an important risk factor for depressive symptoms among the elderly. A previous review held that diseases of multimorbidity may interact with each other, curtailing compensatory mechanisms and resulting in physical and cognitive decline. And physical and cognitive impairment might, in turn, impact the severity and burden of multimorbidity, contributing to the establishment of a vicious circle. 20 What is more, a previous study has suggested that some specific chronic diseases would cause or contribute to depression by directly biological mechanisms. 21 For instance, diabetes, stroke, and thyroid disorders were likely to cause pathophysiological aberrations in the brain, endocrine or immune function to affect the depression. 22 Hence, multimorbidity might contribute to a higher risk of depressive symptoms through a vicious circle, and findings of positive relationship in the current study are reasonable. Figure 2 The association between multimorbidity and depressive symptoms in subgroups analysis.
It should be noted that our results also had implications for clinical practice. Although the prevalence of multimorbidity in our study is 41.56% which is lower than 56.66% obtained from Gu, 23 it also means that the number of elders with multimorbidity, in eastern China, is still very large. At the same time, previous studies showed that people with both chronic physical status and depressive symptoms have a poorer quality of life and higher death risk than those with chronic physical conditions but not depressive symptom. 24, 25 Hence, given the fact that multimorbidity is strongly associated with depression symptoms among the elderly population, it suggested that more attention should be paid to those older adults with two or more chronic diseases when intervention for preventing depressive symptoms as early as possible from the intervention perspectives.
In the subgroup analysis, some differences were found. The relationship between multimorbidity and depression symptoms in an urban area was not significant (adjusted OR:1.43 (0.98,2.12)) while this association was significant in a rural area (adjusted OR:1.40 (1.14,1.72)). From this, we could infer that the elders living in a rural area were more sensitive to chronic diseases and thereby likely to have depressive symptoms which were consistent with the study of Keats, M. 26 While the reason for these phenomena is unclear, the findings appear to support the need to further explore "area-sensitive" health-care interventions. 27 In addition, we found that the prevalence of depressive symptoms in our study was 23.5% which was lower than the reported data, 60.6% obtained from Kathmandu, Nepal with a small sample size (303 participants). 28 The previous study conducted in Taiwan by Chiu et al showed that the prevalence of depressive symptoms was 20.1% 29 Our results were consistent with this prevalence data. The heterogeneity of the depression prevalence between different studies may be due to the different populations and the sample size. Our study also confirmed several health-related factors associated with depressive symptoms. Firstly, we found significantly lower odds of having depressive symptoms among rural elderly compared with urban elderly in our study. 30, 31 Secondly, similar to the study of Kuehner, C. and the study of Forlani. C, 32,33 the female had a significantly higher prevalence of depression symptoms compared to the male. Thirdly, the elderly with depressive symptom has lower social health which is consistent with previous studies. [34] [35] [36] The strengths of our study included the large sample size, the use of stratified sampling method by sex and age and multivariate regression analyses adjusted for the area, age, gender, marital status, educational level, physical exercise, and social health. However, there were several limitations that should be noted when interpreting our results. Firstly, only association but not causality between multimorbidity and depressive symptom can be inferred from our results, due to the cross-sectional study design, in which the data including exposure and outcome collected concurrently. Further longitudinal researches are needed to infer their causal temporality. Secondly, neither random sampling survey nor census was performed in our study and there were some people refusing to participate in our study. Thus, the representativeness was relatively limited. Thirdly, GDS-15 was used in our study, which might overestimate the prevalence of depressive symptoms compared to structured interviews. The reason why we choose GDS-15 as the measurement of depression symptom is the low time costs of this scale which can overcome distraction and fatigue during the interview of elders. The GDS-15 also had acceptable reliability and validity and had been widely used in the Chinese elderly. Fourthly, volunteer bias should be taken into consideration although no cash only gifts worth 10 RMB were given to each participant who finished the interview. Finally, the majority assessed the presence or absence of multimorbidity by self-reported measures which might lead to confoundings.
Conclusion
In this study, we observed significantly higher odds of having depressive symptoms among the multimorbid elderly in eastern China. The association between multimorbidity and depressive symptoms was consistent after adjusting for confounding factors and across several subgroups. The multimorbidity may serve as an efficient screener to identify those with the depressive symptom, but systematic assessment to guide intervention merits further longitudinal research.
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